SUMMARY One hundred and seventy five multi-infarct dementia (MID) patients were evaluated for risk factors for stroke as well as for the types of cerebrovascular lesions that were present. The incidence of associated risk factors for stroke were as follows: hypertension (66%), heart disease (47%), cigarette smoking (37%), diabetes mellitus (20%), moderate alcohol consumption (19%) and hyperlipidaemia (21%). The most frequently occurring type of lesions were multiple lacunar infarctions of the brain (43%). These were combined with other types of stroke in an additional 21%. Atherosclerotic occlusive disease of the carotid and vertebrobasilar arteries occurred alone in 18% and was associated with other types of stroke in another 25%. Embolic cerebral infarctions were present alone in 8% and were combined with other types of stroke in 15%. MID was more frequent in men (62%) than women (p < 0-002). Mean bihemispheric gray matter cerebral blood flow (CBF) values showed a fluctuating course and when results were pooled and compared between different types of MID, extracranial occlusive disease and/or multiple lacunar infarctions resulted in lowest CBF values. The location of cerebral infarctions was more importantly related to cognitive impairments than was the total volume of infarcted brain. Mortality rates among 125 MID patients followed for 31 months has been 5%. Correct clinical classification of the types of cerebrovascular lesions was confirmed in three necropsied cases.
1490 tions of them if more than one type of stroke was present. Different types of stroke that may give rise to MID include multiple lacunar infarctions. 4 .4 . The incidence of lacunar infarcts increases with age and is associated with risk factors for stroke, particularly hypertension.49 131 Characteristic clinical features include abrupt onsets of cumulative neurological deficits, as described by Fisher,4 such as pure motor weakness, bradykinesis and rigidity, decreased spontaneous activity, dysarthria, small-stepped gait and later dementia. On CT and/or MRI imaging of patients with lacunes later confirmed at necropsy, small lesions have been present in the basal ganglia, thalamus, upper brain stem and white matter. Lacunar infarcts appear as small (0 5-1 5 cm) low density lesions by CT and as high density "bright objects" by T2 weighted MRI. They have a predominantly subcortical distribution consonant with neuropathological descriptions. 35914 Another type of MID results from the cumulative effects of multiple cerebral emboli. Embolic infarcts are usually larger than lacunes and usually have bilateral cerebral hemispheric distribution. Cerebral embolisation may also be confirmed during life by CT and/or MRI. Apart from their larger size, embolic lesions usually involve the cerebral cortex as well as subcortical white matter and are situated in the distributions of major cerebral arteries. Emboli causing MID may originate from a diseased heart, particularly ifcardiac dysrhythmia is present, or from atherosclerotic plaques of the major aortocranial vessels, such as the internal carotid arteries and the vertebral arteries. 3 9 13 Neurological deficits resulting from cerebral embolism are usually more pronounced than those arising from lacunar infarcts, and it is possible to predict which cerebral vessels have been occluded by the characteristic neurological features. The source of embolisation may be confirmed by aortocranial arteriography and/or ultrasonography if they arise from an atherosclerotic plaque of the major cerebral arteries and by echocardiography if they arise from a diseased heart.
Another type of MID results from the cumulative effects of multiple watershed or border zone infarctions, secondary to critical reductions of cerebral perfusion. '6 -18 This has been termed "misery perfusion syndrome" by Samson, et al. ' 8 based on positron emission tomographic (PET) measurements of severely reduced cerebral blood flow (CBF) with relatively well preserved cerebral metabolism in a series of 12 patients with severe occlusive disease of the carotid arteries who showed improvement of both blood flow and metabolism 3 weeks to 3 months after extra-intracranial arterial bypass procedures. Such patients with advanced bilateral atherosclerotic occlusive disease of the carotid and/or vertebral arte- Diabetes mellitus is well accepted as a risk factor for the development and progression of atherosclerosis of large and small cerebral vessels,39 and has been implicated as a substantial risk factor for atherothrombotic brain infarction, particularly among men. 40 Diagnostic criteria used in the present protocol for diabetes mellitus were medical history of treatment for this condition plus documentation of hyperglycaemia and a satisfactory response to treatment by diet, oral hypoglycaemic agents or insulin. 37 Rogers et a14' 42 have reported that alcohol consumption and habitual cigarette smoking both increase the risk for stroke, and that these increases in risk are directly related to the amount of each substance abused. For the purposes of the present study, patients were categorised according to the amount of alcohol consumed as follows: none = never drinks alcohol; mild = less than 1-2 drinks per week; moderate = approximately 1-3 drinks per day; and those who quit at least 3 months prior to admission into the study. Heavy drinkers were excluded. Patients were also classified according to the amount of cigarettes they smoked: none = never smoked; moderate = less than one pack per day; heavy = more than one pack per day or smokes cigars or a pipe six or more times per day; and those who quit at least 3 The present clinical investigation was designed to explore the demography and frequency of distribution of the different types of MID and associated risk factors for stroke. The diagnoses of MID were confirmed in each patient by the clinical investigations reviewed above among 175 MID patients, 125 of whom agreed to be followed longitudinally. Age, sex, aetiological classifications and associated risk factors were determined and all of these variables were correlated with serial measurements of CBF values.
Methods
One hundred and seventy five consecutive patients with MID were admitted to the study. All were referred for diagnosis and treatment and were examined and evaluated according to a standard protocol. Patients referred included both veterans (40%) and non-veterans (60%). They were almost all referred as out-patients by neurologists, neurosurgeons, cardiovascular surgeons, and physicians from the Southwestern United States. They are considered to be a representative sample of patients with MID from this area. They were all asked to participate in longitudinal studies carried out on an out-patient basis and 125 of them agreed to do so.
To provide a comparative descriptive profile with the MID subjects, 125 neurologically normal, age-matched volunteers were recruited. These subjects are part of an on-going longitudinal investigation into the natural history of aging and cerebrovascular disease.
At the time of admission to the study, each patient underwent evaluation including (1) medical and neurological examinations, (2) Cognitive Capacity Screening Examinations (CCSE),13 (3) modified Hachinski Ischaemic Index,'3 (4) regional cerebral blood flow (CBF) measurements using the '33Xe inhalation method,43 (5) blood chemistries, (6) electroencephalogram, and (7) computed tomography (CT) and/or magnetic resonance imaging (MRI) of the brain. A questionnaire was completed by the patients, assisted by their family if necessary, concerning demographic information, medications, and medical history. Diagnosis of MID was based on an Ischaemic Index of 5 or more,3 7-9 13 a CCSE score of 25 or less,13 history of sudden onset of stepwise and progressive mental deterioration, focal neurological symptoms and signs, abnormal brain imaging compatible with ischaemic lesions and patchy bilateral and asymmetric reductions of gray matter regional CBF.
Patients and their families who agreed to participate in the longitudinal study of multi-infarct dementia returned to the laboratory at intervals of 3-6 months. To date, 125 patients have agreed to participate and have been followed for an average of 31-3, SD 26-8 months. The reason for the large standard deviation is that some patients have recently joined the study while others have been followed for as long as 9 years, so that the follow-up has varied between 3-116 months. At Table 2 shows the frequencies of occurrence for associated risk factors for stroke among all the MID and neurologically normal cases. The case series of MID patients included 162 caucasians, nine blacks, two hispanics, and two Asian-Americans. Chi-square analysis was used to test for significance of gender distribution. Men accounted for 62% of MID cases which was significantly greater than representation for women (p < 0-002). As seen in table 2, Chi-square analysis of frequency distributions showed significant differences between the MID group and the neurologically normal volunteers in the occurrence of hypertension (p < 0-0002), heart disease (p < 0-0026), diabetes mellitus (p < 0-0027), cigarette smoking (p < 0-0001), and carotid bruits (p < 0-007). Table 3 summarises the frequency of occurrence of different causes of stroke and cerebral ischaemia among the MID patients. In the present series of patients, subcortical lacunar infarctions were the most frequently occurring cause of MID. These were present alone in 43% of the MID patients and were associated with misery perfusion in 13% and with major embolic strokes in 4-0% of the series. Clinical evidence of subcortical lacunar infarctions, associated with focal gray and white matter lesions of 0-5-1-5 cm in diameter demonstrated by CT and MRI imaging, was present in a total of 65% of the present series of MID patients.
The second most frequent aetiology of MID was misery perfusion due to severe extracranial atherosclerosis with occlusion or stenosis of the carotid and/or the vertebral arteries. This was the sole cause Analysis of variance did not indicate significant differences for mean age between the three MID groups. However, the mean age for the group with multiple lacunar infarctions (70 3, SD 9.9) was slightly older than the groups with embolic strokes (66-0, SD 13-2) or with misery perfusion (65 9, SD 8-7). Since decreases of CBF are associated with aging,2" it was considered possible that even these slight differences in age might contribute to some of the group differences for CBF. Therefore, analyses were repeated using a covariance model to correct for agedependent relationships. After making this correction for differences in ages between groups, results were similar to those already described without correcting for age differences. Among the 125 MID patients followed for 31 months the mortality rate has been 5 1%. Necropsy confirmation of the diagnosis of MID has been obtained in three patients and correct classification of the type of cerebral ischaemia and absence of microscopic features of SDAT was confirmed in all three. Results of the three necropsy examinations will be reviewed briefly. The first patient was a 45 year old male with insulin-dependent diabetes and hypertension. Clinically, he was classified as MID due to multiple lacunar infarctions. He died of acute pontine haemorrhage. At necropsy, there was advanced atherosclerosis of the cerebral vessels with marked stenosis of the basilar artery and multiple lacunar infarcts of the brain measuring 0-5-1-2cm in diameter. These were located in the thalamus bilaterally, the left globus pallidus, the right putamen and the right dentate nucleus. The second patient was a 74 year old male with atherosclerotic heart disease and myocardial infarction complicated by cardiac arrhythmia. He was classified as MID due to multiple cardiogenic emboli. He died of heart failure. At necropsy there were multiple embolic infarcts of the brain secondary to coronary artery atherosclerosis as well as myocardial infarction which was considered to be the Meyer, McClintic, Rogers, Sims, Mortel cause of the longstanding cardiac dysrhythmia during life. The embolic infarcts involved the entire right caudate nucleus and surrounding white matter of the frontal lobe, the left occipitotemporal cortex in the distribution of the posterior cerebral artery and the left parietal cortex in the distribution of the middle cerebral artery. The third patient had longstanding hypertension and was classified as MID due to misery perfusion. He died of arteriosclerotic heart disease with heart failure and complications following aortofemoral reconstructive surgery. At necropsy, there was complete, organised, thrombolic occlusion of the left internal carotid artery as well as severe atherosclerotic stenosis of the right intracranial internal carotid artery confirming the diagnosis made by cerebral arteriography during life. Several years earlier, he had undergone surgical by-pass of the left superficial temporal artery to the middle cerebral artery. The by-pass was patent but there were multiple recent and remote infarcts in the watershed territories between both middle cerebral arteries and the anterior and posterior cerebral arteries, most evident in the left central hemisphere. There were also lacunar infarctions present in the right cerebellum.
Discussion
Experience from this study suggests that MID is most commonly encountered after 60 years of age and affects predominantly males. MID is almost invariably associated with remediable risk factors for stroke and occurs in blacks, whites, Asian and Hispanic Americans. As judged by the present series, the most frequent cause of cerebral ischaemia and infarctions associated with MID are multiple lacunar infarcts. The second most common cause is severe extracranial occlusive disease of the carotid, vertebral and basilar arteries and the third most common cause is multiple cerebral emboli arising from the internal carotid arteries or from the heart. Many patients with MID are referred to this laboratory for evaluation of cerebral perfusion prior to consideration of surgical revascularisation procedures such as carotid endarterectomy and superficial temporal to middle cerebral artery by-pass. It is possible that more cases of extracranial occlusive disease were admitted to this study than would be encountered by other referral centres. Likewise, the majority of referrals to this laboratory are out-patients so that it is possible that the occurrence of MID The second most frequently occurring cause of MID, in the present series of MID patients, was 1495 misery perfusion due to severe atherosclerotic extracranial occlusion. This occurred alone in 18% but a comparable number had misery perfusion plus associated lacunar infarcts or associated embolic strokes or both (table 3) . This should be borne in mind if surgical revascularisation procedures18 are considered in MID patients with severe extracranial occlusive disease, since surgical treatment is not likely to improve cognitive impairments due to embolic or lacunar infarcts, whereas medical treatment is more likely to do so. 13 The present study confirms the higher frequency of occurrence of MID among males (62%) than females. This preponderance of MID is considered to be valid, since non-veterans of either sex, as well as male and female veterans, are referred to this laboratory. A series of 28 patients with senile dementia of the Alzheimer's type referred to this laboratory show a female to male preponderance of 4: 3, similar to ratios reported by other centres of large series of patients with SDAT.49 5o In general, male to female ratios of between 1-5-2-1 have been reported among cohorts with either stroke or MID.'9 50 The higher incidence of risk factors for stroke that occurs among men, particularly hypertension and heart disease, most likely explains the preponderance of male patients with stroke and MID.5' 52 Conversely, risk factors for stroke are infrequent among patients with pure Alzheimer's disease. Women survive longer than men and are more likely to suffer from Alzheimer's disease, since SDAT is also age-related. '9 Hypertension is the most frequent vascular risk factor among patients with MID and occurred in 66% of the present series. This is to be expected since hypertension is the most potent risk factor for stroke. Epidemiological studies have shown that hypertension is associated with six times the risk for stroke compared with that among age-matched normotensive subjects.52 Heart disease is also a potent risk factor for MID and was present in 47% of the present series. Heart disease carries an increased risk for stroke 2 to 5 times that among age-matched subjects without heart disease. This increased risk for stroke associated with heart disease is not reduced by control of associated hypertension.52 A history of cigarette smoking was present in 33% of the present series of patients with MID, while 19% were considered to be moderate drinkers and each of 20% had associated diabetes mellitus or Type IV hyperlipidaemia. Multiple risk factors were encountered frequently and these individuals were considered to be at high risk for progressive dementia.
Until recently, relationships between cognition and CBF were difficult to elucidate because of the widely fluctuating course which is so characteristic of MID patients. Longitudinal studies, however, have shown that coupling does exist between the wide fluctuations 1496 of both CBF and cognition.48 Since diffuse cerebral ischaemia in risk factored subjects precedes the onset of strokes and MID,25 control of risk factors and prevention of transient ischaemic attacks may prevent or improve the cognitive deficits in this form of dementia among the elderly.
